Liquid-liquid equilibria (LLE) data were measured for ternary system epoxidized soybean oil (ESO) + acetic acid + water at 313.15, 323.15 and 333.15 K, respectively. The consistency of the measured LLE data was tested, using Othmer-Tobias correlation and root-mean-square deviation (σ) in mass fraction of water in the lower phase and average value of the absolute difference (AAD) between experimental mass fraction of epoxidized soybean oil in the upper phase and that calculated using Othmer-Tobias correlation.
Epoxidized vegetable oils such as epoxidized soybean oil (ESO) have been widely used as PVC-plasticizers [1] . Traditionally, epoxidation of vegetable oils is carried out with "Prileschajew reaction", in which the unsaturated vegetable oil reacts with a percarboxylic acid (generally peracetic acid) [2] . Because of the potential danger of handling peroxy acids, the in situ method is generally adopted for large-scale epoxidation, involving formation of peracetic acid obtained through the acid-catalyzed reaction of acetic acid with hydrogen peroxide in the lower aqueous phase, and formation of an epoxy ring through the reaction of peracetic acid with unsaturated oils in the upper oil phase [3] .
Acetic acid, as an oxygen carrier, is consumed in the aqueous phase, and there is a flux of regenerated acetic acid from the oil phase into the aqueous phase, through thermodynamic and mass transfer terms [4] . When the epoxidation is over, the crude product can be obtained by removing the aqueous phase. However, part of the acetic acid stays at the oil phase resulting from its partition between the upper and lower phases. For recovery of acetic acid from the oil phase, water is generally used as extractant owing to its inexpensiveness and non-toxicity, resulting in an immiscible twophase system of an oil-rich phase (designated as I) and a water-rich phase (designated as II).
In this respect, only the liquid-liquid extraction (LLE) equilibrium binodal curves and tie-line data for the ternary system of epoxidized cotton seed oil + acetic acid + water has been determined [5] . The LLE equilibrium constant for acetic acid in ESO + acetic acid + water has been reported only recently [6] . For production of epoxidized vegetable oils, however, the recovery of acetic acid from the upper oil phase after the epoxidation reaction of vegetable oils has been little studied. In this work, the LLE data were measured for the ternary system ESO + acetic acid + water at 313.15, 323.15 and 333.15 K, respectively. Mass fraction solubility data of water in ESO (S) for the binary system (water + ESO) are listed in Table 1 and were correlated as a function of temperature, T (K), by second-order polynomials:
where a, b and c are parameters correlated from eq 1. The plot of S vs. T/K is shown in Figure 1 , and the parameters a, b and c in eq 1 are 0.05861, -5.62966 × 10 -4 and 1.28272 × 10 -6 , respectively.
The phase boundary data for the ternary system ESO (1) + acetic acid (2) + water (3) are presented in Table 2 . The mass fraction solubility data of water in oil for the oil-rich layer (w 1 ) and ESO in water for the water-rich layer (w 3 ), were correlated as a function of mass fraction of acetic acid, w 2 , by second-order polynomials, respectively:
where i = 1 or 3; d, e and f are parameters correlated from eq 2. Plots of w 1 and w 3 vs. w 2 are shown in Figures 2 and 3 , respectively. The correlated parameters d, e and f of eq 2 are listed in Table 3 . The fed compositions for measuring tie-lines for ternary system ESO (1) + acetic acid (2) + water (3) and the determined mass fraction of acetic acid in each layer, w 2 , are listed in Table 4 . The experimental tie-line data for the ternary system ESO (1) + acetic acid (2) + water (3) at 313.15, 323.15 and 333.15 K are shown in Table 5 and Figures 4 to 6.
The thermodynamic consistency of the experimental tie-line data was checked by applying the well-known Othmer-Tobias correlation at the test temperature [7] .
where w 3 II is the mass fraction of water in the lower (water-rich) phase, w 1 I is the mass fraction of ESO in the upper (oil-rich) phase; and m and n are constants of eq 3. The root mean-square deviation (σ) between the experimental data and those calculated using the Othmer-Tobias correlation for the mass fraction of water in the lower phase, w 3 , is given by: (4) where N is the number of data points in a given set of measured data. The σ in this case was found to range from 0.0044 to 0.0153, as shown in Table 6 . The corresponding average value of the absolute difference (AAD) between the experimental mass fraction of ESO in the upper phase (w 1 ) and that calculated using the Othmer-Tobias correlation, is defined by
The AAD in this case was found to range from 0.0024 to 0.0138, as listed in Table 6 .
Experimental

Characterization of ESO:
ESO with a residual iodine value of 2.28 (g I 2 /100g oil), an epoxy value of 6.86 (g/100 g), an acid value of 0.10 (mg KOH/g oil) and hydroxyl value of 12.62 (mg KOH/g oil) was synthesized in our laboratory and determined by titration of standard sodium hyposulfite solution, HCl-acetone solution, standard sodium hydroxide solution and standard potassium hydroxide-ethanol solution, respectively [8] [9] [10] [11] , and the moisture content of ESO was measured as 0.20 % by Karl-Fischer titration at 293.15 K.
Estimation of molecular weight of ESO:
The pseudo-component molecular structure of ESO can be presented as Figure 7 [6], where the subscripts p, q, x and y indicate the number of (CH 2 ), (CH=CH), (CHOCH) and (CHOH-CHCOCH 3 ) groups in the ESO molecule, respectively. The adjusted average fatty acid (FA) composition of soybean oil was accepted as follows: 12.3% palmitic, 5.0% stearic, 25.0% oleic, 51.7% linoleic, and 6.0% linolenic acids [12] . On the basis of this composition, the calculated iodine number, epoxy value, acid value and hydroxyl value of ESO corresponded to the measured values. The values of p, q, x and y were obtained as: 38.5, 0.20, 4.07 and 0.21, respectively, from the adjusted FA composition of soybean oil and the iodine number, the hydroxyl value, and the epoxy oxygen content of the epoxidized soybean oil, and thus the molecular mass of ESO was estimated as 949.94 g/mol, very close to the results reported in the literature [6] .
Solubility measurement of water in ESO:
For each measurement, an excess mass of water was added to a known mass of ESO. Then the equilibrium cell was heated to a constant temperature with continuous stirring. After at least 2 h, the stirring was stopped, and the solution was kept still until it settled down into a lower layer (water-rich phase) and an upper layer (oil-rich phase). Measurement of phase boundary data: An accurately weighed amount of a homogenous mixture of ESO and acetic acid (or water and acetic acid) was placed in a 200 mL equilibrium cell and continuous stirring was applied, followed by titration of water (or ESO) into the flask through a titrimeter (syringe type 3 mm in diameter) until the solution became turbid, and the amount titrated was recorded successively.
Measurement of tie-line data:
A mixture with known compositions of the above-mentioned compounds was fed to the cell, followed by stirring for 2 h, and then kept still. The mixture settled down into a lower layer (water-rich phase) and an upper layer (oil-rich phase). Samples from both layers were taken, and the mass fraction of acetic acid in each layer, w 2 , was determined by titration of standard NaOH solution and calculated as: 3 2 ( 10 ) 60.05 C V w G      (7) where C is the concentration of NaOH, mol·L -1 ; V is volume of NaOH solution used for titration of sample taken from lower or upper layer, mL; G is mass of sample taken from lower or upper layer, g; 60.05 is mole mass of CH 3 COOH, g/mol. The other two compositions of the conjugate layers were calculated from w 2 and eq 1. The precision in the composition measurement of each layer is estimated to be within ± 0.005 mass fraction, which produces an uncertainty of 2%.
